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ABSTRACT 


We  have  concentrated  our  efforts  on  the  spectroscopy,  photophysics,  and 
photochemistry  of  polysilanes,  using  a  combination  of  experimental  and 
theoretical  tools.  We  have  developed  a  more  detailed  version  of  the  chain 
segment  model,  have  identified  and  thoroughly  characterized  the  persistent 
radicals  formed  in  UV  photolysis,  documented  further  the  recently  uncovered 
process  of  photoinduced  chain  scission  by  reductive  elimination,  and  advanced 
the  theoretical  understanding  of  the  electronic  states  of  model  short-chain 
oligosilanes .  The  combined  results  suggest  strongly  that  the  shorter 
chromophoric  chain  segments  have  a  different  lowest  excited  singlet  state 
(ox*)  than  the  longer  ones  (at 7*) .  Confirming  evidence  for  this  is  still 
being  sought. 
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SCIENTIFIC  RESULTS 


In  this  period,  our  work  has  emphasized  oligosilanes  and  polysilanes, 
reflecting  the  intense  interest  in  this  area  among  chemists,  physicists  and 
material  scientists.  We  have  concentrated  on  the  fundamental  aspects  (nos. 
18-23  on  the  list  of  references)  but  participated  also  in  the  exploitation  of 
these  materials  for  deep  UV  lithography  (no.  24  on  the  list). 

We  have  performed  a  comprehensive  study  [18]  of  the  luminescence  of 
polysilanes  in  room- temperature  solution  and  proposed  an  improved  version  of 
the  chain  segment  model  that  we  published  in  1986.  We  have  completed  an 
extensive  investigation  [19]  of  the  persistent  radicals  formed  by  UV 
irradiation  of  polysilane  solutions  and  determined  their  structure,  including 
conformational  properties,  by  EPR,  ENDOR,  and  TRIPLE  resonance  on  a  series  of 
isotopically  labeled  polymers.  These  now  probably  are  the  best  characterized 
polymer-based  radicals  of  any  kind.  We  have  proposed  plausible  mechanisms 
for  the  complex  chemical  transformations  involved  in  the  formation  of  the 
observed  radical  products,  and  assigned  a  key  role  to  photoinduced  chain 
scission  by  homolysis  and  by  reductive  elimination;  while  the  former  had 
always  been  taken  for  granted,  we  postulated  the  latter  only  in  1989.  We 
have  now  found  confirming  evidence  for  the  latter  from  a  study  of  the 
photochemistry  of  short-chain  oligosilanes  [20].  It  has  thus  become  clear 
that  at  least  three  primary  processes  are  important  in  the  photodegradation 
of  polysilanes:  the  two  types  of  chain  scission,  and  the  chain  abridgement  by 
silylene  extrusion,  described  by  Trefonas,  West  and  Miller  in  1985. 

We  have  obtained  satisfactory  theoretical  descriptions  of  all  three 
primary  processes  by  means  of  ab  initio  computations  on  model  oligosilanes 
[21] .  We  have  used  this  theoretical  tool  to  investigate  the  excited  electronic 
states  in  fair  amount  of  detail  [21,  22]  and  obtained  a  picture  in  which  the 
photophysical  and  photochemical  results  dovetail.  In  particular,  we  have 
obtained  evidence  suggesting  that  a  switch  in  the  order  of  states  occurs  at 
chain  lengths  of  about  Sig  to  Sixo-  Shorter  chains  are  believed  to  have  a 
state  and  the  longer  ones  a  ^oo*  state  as  the  lowest  excited  singlets  with 
obvious  implications  for  spectroscopy,  photophysics,  and  photochemistry. 
However,  although  reasonably  advanced,  the  degree  of  understanding  of  these 
fascinating  materials  is  still  far  from  complete  and  the  work  is  being 
continued.  The  current  state  of  knowledge  has  been  summarized  in  a 
comprehensive  review  [23]. 

In  addition  to  results  that  have  already  been  submitted  for  publication, 
further  results  are  still  being  analyzed  now.  In  particular,  although  some 
of  the  mysteries  of  the  photophysics  of  oligosilanes  have  been  resolved 
(e.g.,  what  appeared  to  be  a  low- temperature  conformational  form  of  SixgMe3;, 
was  demonstrated  to  be  due  to  an  aggregate  which  forms  even  in  highly  dilute 
solutions  -  true  conformational  effects  have  now  also  been  found) ,  several 
baffling  observations  remain  to  be  explained,  and  in  collaboration  with  Prof. 
West,  we  are  continuing  our  efforts  to  understand  simple  model  compounds  such 
as  Six6Me34* 


